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1. INTRODTJCTION 

Research t h i s  q u a r t e r  has put emphasis on t h e  vacuum u l t r a v i o l e t  

pho to lys i s  of ace ty l ene  and on t h e  production of t h e  CN v i o l e t  system i n  

emission i n  pho to lys i s  of gaseous mixtures. 

t h e  e f f e c t  of p re s su re  and t h e  wavelength of t h e  e x c i t i n g  r a d i a t i o n  on t h e  

i n t e n s i t y  and s p e c t r a l  d i s t r i b u t i o n  of t h e  observed emission and on t h e  pro- 

duc t ion  of hydrogen has been examined q u a n t i t a t i v e l y ,  

of t h e  lamps has been measured and determinat ions of t h e  quantum y i e l d  f o r  

hydrogen product ion are i n  progress .  

I n  t h e  pho to lys i s  of ace ty lene ,  

The abslslute i n t e n s i t y  

The v i o l e t  system of t h e  CN r a d i c a l  has  been observed i n  emission 

i n  t h e  vacuum u l t r a v i o l e t  p h o t o l y s i s  of t h e  fo l lowing  gases: 

ammonia, ace ty lene  p l u s  n i t r i c  oxide and carbon d ioxide  p lus  n i t r i c  oxide. 

ace ty l ene  p l u s  

Pho to lys i s  of methyl acetylene h a s  been examined as a p o s s i b l e  

source  f o r  C 

7000;. Negative r e s u l t s  were a l s o  obtained with CO and C02" 

emission, bu t  no emission was observed i n  t h e  reg ion  2000s1- 3 

Some changes i n  dimensions and cons t ruc t ion  of t h e  vacuum W 

resonance lamps have r e s u l t e d  i n  an inc rease  i n  i n t e n s i t y  by a f a c t o r  of t en .  

This  has  enabled t h e  product ion of t he  emission from methane with s u f f i c i e n t  

i n t e n s i t y  t o  be recorded us ing  a monochromator r a t h e r  t han  f i l t e r  combinations 

t o  estimate t h e  s p e c t r a l  range. 

hsOOA t o  6 0 0 0 ~  f o r  methane a t  5 0 ~  and is i n d i s t i n g u i s h a b l e  from t h e  weak 

emission observed from ace ty lene  a t  a p r e s s u r e  of 1 m m  Hg, 

The observed emission extends from about 
0 0 

An i n v e s t i g a t i o n  has been i n i t i a t e d  involv ing  t h e  pho to lys i s  of 
h ,-2-v. 

w a u c A  vapur-  --- r i r l  iiie first continuum ( W U A )  d t h  purpose of s tudying t h e  

r e a c t i o n s  of OH r a d i c a l s  i n  t h e  gas phase and i n  low temperature  s o l i d s ,  

2 
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The i n i t i a l  experiments are being d i r ec t ed  towards an e l u c i d a t i o n  of t h e  p r i -  

mary p rocess  o r  processes  involved i n  t h e  pho to lys i s  of pu re  water vapor  a t  
0 

1650~. 

Some e f f o r t  has been expended i n  an attempt t o  d e t e c t  and record 

t h e  abso rp t ion  s p e c t r a  of t r a n s i e n t ,  reactive spec ies  produced i n  t h e  p h o t o l y s i s  

of l o w  temperature  s o l i d s ,  

of t h e  stable free r a d i c a l  CS t o  determine whether s u f f i c i e n t  concent ra t ions  

of t h e  r a d i c a l  can b e  obtained i n  a th in ,  g lassy ,  t r anspa ren t  d e p o s i t  subse- 

A system is  be ing  developed us ing  CS2 as a source 

quent  t o  a s i n g l e  f l a s h  of u l t r a v i o l e t  l i g h t ,  

t h a t ,  a l though t h e  absorp t ion  s p e c t r a  of t h e  pa ren t  compound i s  observed, no 

new absorp t ions  are ev ident  a f t e r  pho to lys i s  under p r e s e n t  condi t ions.  

P e r f e c t i o n  of t h i s  technique would enable a s tudy t o  be made a t  l o w  tempera- 

t u r e s  of non-emitting t r a n s i e n t  spec ies  by means of t h e i r  absorp t ion  spec t r a ,  

Radica ls  of immediate i n t e r e s t  are OH and H02 from t h e  p h o t o l y s i s  of H202" 

Resu l t s  s o  f a r  have shown 

An appara tus  i s  p r e s e n t l y  under cons t ruc t ion  f o r  an i n v e s t i g a t i o n  

of t h e  bombardment of low temperature  s o l i d s  wi th  e l e c t r o n s o  

experimental  des igns  have been developed f o r  low temperature  p ro ton  bombardment 

I n  addi t ion ,  

experiments 

20 PHOTOLYSIS OF ACETYLENE 

2 .1  In t roduc t ion  

The vacuum u l t r a v i o l e t  photo lys i s  of ace ty lene  h a s  cont inued fr! 

t h i s  q u a r t e r  and it i s  expected t h a t  t h i s  a c t i v i t y  w i l l  be completed by t h e  

3 



2.2 Results 

The emission observed subsequent t o  t h e  p h o t o l y s i s  of SOP of 
0 

ace ty l ene  vapor a t  1236A s t i l l  shows no s t r u c t u r e  under t h e  improved reso lu-  

t i o n  (1 mm sl i ts ,  64&1 d i spe r s ion )  p o s s i b l e  ~ t h  more i n t e n s e  lamps, A broad, 
0 0 

s t r u c t u r e l e s s  emission i n  t h e  reg ion  4000A-6500A as shown i n  f i g u r e  I of f i n a l  

r e p o r t  f o r  NASw-589 i s  observed. No f u r t h e r  a t tempt  i s  contemplazed t o  

o b t a i n  a more d e t a i l e d  emission spec t ra ,  

p h o t o l y s i s  of C2D2 i s  ind i s t ingu i shab le  under our experimental  condi t ions  

from t h a t  observed wt th  C2H2. 

of increased  i n t e n s i t y  has r e s u l t e d  i n  t h e  observa t ion  of weak  emission (about  

10% of t h a t  observed wi th  K r  lamp when co r rec t ed  f o r  i n t e n s i t y  d i f f e r e n c e s  i n  

The emission observed i n  t h e  

Photolysis  of ace ty l ene  a t  56p d t h  Xe lamps 

lamps). 

The e f f e c t  of adding N29 O2 o r  C2H2 on t h e  in t ,ens i ty  of t h e  emission 
0 

recorded i n  t h e  pho to lys i s  of ace ty lene  vapor a t  5 6 ~  with 123611 l igh t ,  i s  

shown i n  f i g u r e  I, 

Considerable e f f o r t  has  been expended on a s tudy  of t h e  product ion 

of hydrogen I n  t h e  pho to lys i s  of acetylene,  I n  t h e  p re s su re  r eg ion  of 5% Hg 

(where t h e  i n t e n s i t y  of t h e  emission i s  g r k a t e s t ) ,  p h o t o l y s i s  of C2D2 r e s u l t s  

i n  formation of" comparable amounts of H 2 9  I-ID and D2, 

from presence  of water vapor which i s  subsequent ly  photolyzed and/or exchanges 

This pl-obabiy r e s u l t s  

wi th  t h e  deutera ted  ace ty lene ,  

p re s su res  of ace ty l ene  (less H2 formed, l i t t l e  or no HD), 

water  i s  not  a s i g n i f i c a n t  eontaminant i n  t h e  ace ty lene  before  i n t r o d u c t i o n  

The e€fect i s  much less ev ident  a t  h ighe r  

This i n d i c a t e s  t h a t  
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Figure 1, Effect of Pressure on the Intensity of Ehission 
Produced in Photolysis of C2H2 at 1236 8 
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Pressu re  of ace ty l ene  

% of l i g h t  absorbed Dy ace ty l ene  

Quantum y i e l d  (molecules/quanta) 

I n t e n s i t y  of lamp (quanta/sec)  

Prolonged heat ing of t h e  c e l l  w i t h  continued evacuat ion t o  loo6 mm 

Hg p r i o r  t o  p h o t o l y s i s  f a i l e d  t o  make a s i g n i f i c a n t  r educ t ion  i n  t h e  amount 

of H2  formed i n  t h e  pho to lys i s  of C2D2, This  e f f e c t  makes i t  imposs ib le  t o  

o b t a i n  meaningful data from t h e  photo lys i s  of C2H2-C2D2 mixtures ,  

I n  view of t h i s ,  a l l  results on t h e  product ion  of hydrogen from 

ace ty l ene  are based on t h e  measurement of D2 from t h e  photo lys i s  of C2D2, 

This  g i v e s  a minimum value  f o r  hydrogen product ion,  

on in t ens i ty  measurements us ing  C02 as an  actinometer.  

t h e  same c e l l  used f o r  t h e  ace ty l ene  pho to lys i s  and i n t e n s i t y  measurements 

are made immediately before  and immediately after p h o t o l y s i s  of t h e  ace ty lene  

sample. 

Quantum y i e l d s  are based 

C02 i s  photolyzed i n  

CO formed i n  t h e  p h o t o l y s i s  of C02 i s  measured, a quantum y i e l d  of 

P l o t s  of co u n i t y  f o r  CO product ion having been previous ly  e s t ab l i shed ,  

from C 0 2  and hydrogen from C2D2 a t  56p are l i n e a r  w i t h  t i m e  and reproducib le  

t o  b e t t e r  than  5%. Resul t s  of measurements a t  5 6 ~  and 2,k mm Hg f o r  pho to lys i s  

0 

K r  (1236A) Xe (1465;) 

~ "- -1 
54p Hg 2,k mm Hg 56p hg 

1% 10% 18 % 

c , 26b /uouuu U O V ? L  

3,8 x 10 

&n ' nnL n ne0 

3,8 x 10' '' 2.7 x 10 15 

of C2D2 a t  K r  l i n e  and f o r  p h o t o l y s i s  of 56p C2D2 a t  Xe l i n e  are shown i n  

t a b l e  I along wi th  t h e  abso lu te  i n t e n s i t i e s  of  t h e  lamps, 

Table I 

Hydrogen Product ion i n  t h e  Pho to lys i s  of Acetylene 



For t h e  2,4 mm Hg experiment, t h e  r a t e  of hydrogen product ion i s  taken  from 

t h e  i n i t i a l  s l o p e  s i n c e  polymer formation causes decreased absorp t ion  of 

l i g h t  and hence decreased product ion of hydrogen w i t h  pho to lys i s  time, 

Correct ions were made f o r  % D2 i n  t h e  hydrogen from C2D2 and f o r  f r a c t i o n  of 

i n c i d e n t  l i g h t  absorbed by GO2 and C2D2 respectively based on absorp t ion  

c o e f f i c i e n t s  a t  1236A and 1465A0 
0 0 

203 Discussion 

The fact  t h a t  D2 i s  observed as a product  i n  t h e  pho to lys i s  of C2D2 

sugges ts  t h a t  hydrogen i s  formed i n  a molecular e l imina t ion  p r o c e s s  s i n c e  

hydrogen atoms, i f  formed, would be removed by a d d i t i o n  t o  ace ty lene  r a t h e r  

t han  abstract  t o  form molecular hydrogen. This  i s  analagous t o  s i t u a t i o n  i n  

t h e  pho to lys i s  o f  e thylene ,  

of a mixture  of C2H2 and C2D2, HD being taken  as an i n d i c a t i o n  of atomic 

r eac t ions .  

due t o  contamination from water vapor, 

scavenger  ( n i t r i c  oxide)  f a i l s  t o  supress  t h e  formation of D2 from C2D2" 

S ince  t h e  observed emission i s  cons i s t en t  w i th  C2 "Swan" bands 

This  could be checked i n  p r i n c i p l e  by pho to lys i s  

A s  i nd ica t ed ,  t h i s  i s  n o t  feasible a t  low pres su res  r equ i r ed  here  

Addition of a known atom o r  r a d i c a l  

(A 3 T g  4 X 3 T p )  , both product  ana lys i s  and s p e c t r a l  observa t ions  suggest  

t h e  occurrence of  t h e  primary process  

(1) C2H2 + hv+C2(A 3 7fg) + H2 
0 

Process  (1) i s  e n e r g e t i c a l l y  p o s s i b l e  a t  bo th  t h e  Kr l i n e  (1236A-231 k , ca l )  

and t h e  Xe l i n e  (lk65A-195 k , c a l ) ,  

hydrogen formation i s  0.06 a t  both wavelengths i n d i c a t e s  t h a t  (1) occurs  t o  

0 
The f a c t  t h a t  quantum y i e l d  f o r  molecular  

+L,. I_...^ --A-.A. - 
U U G  aaluc cAkt3111, iii each CZGE, %E iiiteiisity i i i t :  t : r i i i~si .un is greaiiy 

reduced however a t  t h e  longe r  wavelength, Apparently, w i th  t h e  lower energy 

a 



3 i s  not i n  t h e  T g  s t a t e  bu t  i n  low l y i n g  of t h e  Xe l i n e s ,  most of t h e  C 

377u s t a t e  o r  i n  ground 'Eg* stateo 

hydrogen i s  low and t h e  quantum yield of emission probably  even lower, 

2 

Since  t h e  quantum y i e l d  f o r  molecular 

s i g n i f i c a n t  con t r ibu t ion  from o t h e r  primary processes  i s  ind ica t ed ,  
-? 

The C2(A-wg) formed i n  (1) can lose energy by emi t t i ng  l i g h t  

C2(A%g) 4 C2(X?u) + hv (2)  

o r  by c o l l i s i o n a l  quenching 

C2(A3flg) + M --9C2(X3R'u) + M ( 3 )  

3 PHOTOLYSIS OF GASEOUS MIXTURES 

3.1 In t roduc t ion  
0 

The p h o t o l y s i s  of gaseous mixtures has been s tud ied  a t  t h e  1 2 3 6 ~  K r  

l i n e  and emission s p e c t r a  recorded i n  manner 'described i n  previous r e p o r t s .  

The g e n e r a l  purpose was t o  determine whether r e a c t i o n s  such as 

AB* + CD +AC* + BD 

could be observed. 

d ia tomic  molecules o r  radicals of cometary s i g n i f i c a n c e  when exposed t o  

u l t r a v i o l e t  r a d i a t i o n ,  

3.2 Results 

Components of t he  mixture were chosen s o  as t o  supply  

Pho to lys i s  of C2H2 - NO and C2H2 - NH3 mixtures  a t  t o t a l  p r e s s u r e  

of loop Hg r e s u l t s  i n  observa t ion  of t h e  v i o l e t  system of CN i n  emission. 

The i n t e n s i t y  cf t h e  emission inc reases  wi th  time, I n i t i a l l y  no CN emission 

i s  de tec ted ,  b u t  it very qu ick ly  r i s e s  t o  become an extremely i n t e n s e  

emission i n  t h e  case of ace ty lene  p lus  n i t r i c  ox ideo  

c h a r a c t e r i s t i c  ;;C;2ii emission Trom pure  ace-iyiene i s  greai iy  reduced in 

at t h e  same time, t h e  

i n t e n s i t y .  I n  t h e  case  of ace ty lene  p lus  ammonia, t h e  CN emission i s  much 

8 



weaker and changes less  with time. 

emission from ace ty lene  are only  s l i g h t l y  reduced, 

The NH emission from ammonia and t h e  C2 

The v i o l e t  system of CN has a l s o  been observed i n  pho to lys i s  of a 

mixture  of carbon d ioxide  and n i t r i c  oxideo 

emission i s  q u i t e  s t rong ,  

Again, t h e  i n t e n s i t y  of t h e  

Pho to lys i s  of t h e  fo l lowing  mixtures  of gases  does not  result i n  

t h e  product ion of an emission no t  a l ready  observed i n  t h e  

C2H2 + H 2 0 ,  C2H2 + CO, C2H2 4 02,  C2H2 + N2, C2H2 -+ (CN):! 

3.3 Discussion 

While it i s  tempting t o  a sc r ibe  t h e  observa t ion  

o r i g i n a l  components 2 

and C02 4. NH 3" 

of CN emission i n  

t h e  p h o t o l y s i s  of ace ty l ene  - n i t r i c  oxide mixtures  and ace ty lene  - ammonia 

mixtures  t o  t h e  occurrence of t h e  r eac t ions  
> 

C2* + NO +CN* .C CO 

c2* + NH*+CN* + CH 

it must be pointed out  t h a t  many r e a c t i v e  fragments are present  i n  t h e  

mixtures:  C2, p o s s i b l y  C2H, H, C H and C2H2 from ace ty lene ;  N, 0, NO and * * 
2 3  + 

NO from n i t r i c  

well  as similar 

oxide; NH and NH2 from ammonia, 

r eac t ions ,  such as 

React ions (4) and (5) as 

* + OH*-CH * + CO 
c2 

have been r epea ted ly  suggested as being s i g n i f i c a n t  i n  t h e  chemist+ of 

flames. Based on negat ive  r e s u l t s  obtained i n  t h e  p h o t o l y s i s  of ace ty l ene  - 
water mixture and acetylene - ni t rogen  mixture, we may conclude t h a t  n e i t h e r  

r e a c t i o n  (6) nor  r e a c t i o n  ( 7 )  

are occur r ing  under p re sen t  experimental  condi t ions.  The p o s s i b l e  occurrence 

9 
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of r e a c t i o n s  such as 

CN* + OH* +co + NH* (8) 

( 9 )  CN* + NH 4 CH* + N2 

could be checked by looking  f o r  NH emission i n  t h e  p h o t o l y s i s  of a mixture  

of cyanogen and water vapor and by looking f o r  CH emission i n  pho to lys i s  of 

cyanogen and ammonia. 

The occurrence o r  non-occurrence of r e a c t i o n s  such as ( 5 )  through 

(9)  at low p res su res  i n  t h e  presence  of vacuum u l t r a v i o l e t  r a d i a t i o n  may be  

of cons iderable  importance i n  deciding which s table  compounds must be con- 

s ide red  as p a r t  of a comet model. 

40 Future  Work 

During t h e  next  q u a r t e r ,  t h e  fo l lowing  w i l l  be prepared and sub- 

mi t t ed  f o r  pub l i ca t ion :  

a. A f u l l  paper on v a r i o u s  a spec t s  of t h e  vacuum u l t r a v i o l e t  

photochemistry of acetylene.  

bo A note  on t h e  product ion of CN emission i n  t h e  pho to lys i s  of 

mixtures of gases.  

co  A .b r i e f  t e c h n i c a l  n o t e  on s t e p s  taken  t o  improve i n t e n s i t y  of 

vacuum u l t r a v i o l e t  resonance lamps, 

It i s  expected t h a t  t h e  s tudy  of t h e  pho to lys i s  of water vapor  and 

r e a c t i o n s  of OH radicals begun la te  i n  +,his quarter will be a c t i k l y  pursued 

during a l l  of t h e  next  quar te r .  

Work on e l e c t r o n  bombardment of low temperature s o l i d s  will be 

"rreiirninary experiments w i i i  commence i n  -.-.I. ., i n i b i a m c i  i n  iiie next qua r t e r .  

early July. 

10 



An a t tempt  will be made t o  determine t h e  radiative l ifetime and 

3 3 hence t h e  o s c i l l a t o r  s t r e n g t h  f o r  t h e  A 71'8- T u  t r a n s i t i o n  of C2 

("Swan bands") from t h e  effect of p re s su re  on t h e  i n t e n s i t y  of t h e  obsenred 

C2 emission i n  t h e  p h o t o l y s i s  of ace ty lene  ( r e a c t i o n s  2 and 3 ) 0  
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